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Abstract: 

A fractional-N frequency synthesizer using a sigma-delta modulator and a method 
thereof are provided. The synthesizer has a sigma-delta modulator for having an external 
input signal expressed in a plurality of bits and a predetermined feedback coefficient; 
sigma-delta modulating the external input signal and the predetermined feedback 
coefficient; generating a divisor signal in the form of a fraction as the result of the 
modulation; and outputting the divisor signal into one bit signal; a first adding means for 
adding the one bit output signal output from the sigma-delta modulator to predetermined 
first number and second number; and a dual modulus frequency divider for changing the 
dual modulus counting value using the output of the first adding means; performing 
modulus control by the changed counting value; and determining the divisor of the voltage 
controlled oscillator frequency expressed as a mixed fraction. The synthesizer can remove 
a large spur occurring in a predetermined range, reduce phase noise, and accurately adjust 
frequency resolution. 
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(74) CHei°J OlgH, g^S!. 0I£H2 

•■ 

(54) ..; jl gs^iy di§?j ^-n ^n>^ tig n gg 

; M.in^i^HS7iB oisfite^isnK* ^'JL^ °? 01 7HAia £ h i, B l M ' ir -2' l '" r 

iJ^M aSSfe 91 S7I ^= SEH^I S4*-N ^E|-4= tfS g*IOil °tCHA1, AlUDI-^Lh 3571, «|Ph 
if 4>B S g^7IM ^HltKh -' :>-,y D4= HIMS = SI" 

£S2h £SE! ID=«| TO^g 7WH, 21 ¥ B^l dSa niE«l Tfl^OII SBSKM , M ini-^F!- S5SH31, 
B!£S 12SA1 ^ «EH°1 S^HI iJSP SSSKM 1UIM iJ2SA1 S^ilO. SM^tf 

jusmdewmfm Montus sk."^ B iaiis?8«8%i 

gjaMejsi aeei^ nois ^tssra, §^ s M4: §eh^ je«eis ssr siich sra as^i m^uim 

B ^3 CHI toss, g^-N tt£ S«£ H§ ^OVM g«i8E| = g ^E|(SPUR)1 SKS 4 

kOI*3 gf^Aia g°} OHJEh ^1114; *H#E1 g^SI £§W 4= SJC1= SiEK 



E 1= M4-N ?Ih4= S*IM Olg£! OH ^1 EhgJ g£7IM i!3«PI SISEOia. 

"4!o?Q l! ° 2J ^ mm mB M^O-SE:- S57I1 0|§*> tf^-N ^EM> ftfg S3*I0I 9ISJ- 

E 3g E 2CHI EA|=! 2*121 AiZlDI-SEI- S£7IM ggSPI ?!*]• 4'AI01I°J fieEOICK 

E 4(a) 5! 5. 4(b)fe £ 1 CHI EA|£! SEH2J « 57121- E 3CHI EAIS & %"3°i EHtt 
d£/BS(S/N)HIM ti\BS[7\ ?m £3 MOO. 

£5rE 2CHI EA|=! §*|2| .' ' Ti.— v S57I1 ggStfl OB ^A|(ffl°J SISEOIQ. 

e 62 e srsoo cog ^^-n ?iei^ t^s as*wi ?i^ gs^aMoich. 



a§|, ' - : S57IM Oimtl M^-N ^114 t^S 



5150)]^. ?d SAig Olgefe AlgAHCHI 215B ^Al^ 1 El DIP 01 QIOIEI HU\£M Itit! RUl g§ 

sm siLi. ^, Ai-gAi-gs oi g sai e^n- #§hoi ejEia s? oi-liek eiioiekhi-sie 

^AlZ^S «i!»2XJ Sh= 7h5!Q. QIEItf 9 AC Oil COEfAl, SIECHI 7m^ CDMA (Code Division 
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Multiple Access) 2CD0>jAi^ gEHSJ CDHA/F3S(Persor.aI Coninxnicaticn Systen) CH^ffl! Ai£ 144kbps^ 
HOIEf A!HIA^ 7feSP3 E!SQ. 012!- ITS KQIB A! HI ±03 £^E!zr H^HEHDiM SE^ fl 
eh;?12J ?E!-4 ttS gxj (Frequency Synthesizer)^ 5XusQim2J gsf(sett 1 ins) AlZh lOKHz 2.^ 

o| gsr*! ^iLr^ ss^e, imhz £=s ?ef4= ^EQiiAj -lssaec/Hz ois r 2j ioi^e saiqc ej^sf 
pll mej^g 7rao^Cr. 

gEH0il = , CDMA E^ PCSDil g^-N ^Er4 Sffi SWr ^E! ArgElSJCh OIEiti" g^-N ^Hf^ 

fe^s hi in ^iem>2F xey ch^oi g-orot o[~ 723 aieje ?ek£ swob /a se 

^ CH^^ xH^ a^SM Sltt ^Er4 SH^ES S2|fj 4 SILK 

^, tm CH^^OI 3OCHz/10KHzS bl] JH^ CDMA/PCS^ ITS 01 § BiT A!±g]CHlA1 = , [H^ 

S*T AI3S HS^ AI±@OII£ Argl 4 £Er^ Eil^gOI HQ. 

EEt 1 ", eEHtHl- g^-N ?Hte tfS &X| ffHh OrLIEL g^-N (f ract ional-N) ?Eh4 tTS 3MH£ A[ 
§S HI- SICK HEiLK OlEItt *Er4 £fg SWISS ^ El -HIM g£7l E= DH £1 (MASH) 

BH°| ^^n- AfettCK Hew a ?Er4 tfS §WlgS &Z?\m S«t!" PLL(Phase Locked Loop: 01 
oK PLL 01 El- *» ^EHS ^SQ. 

E IS gEH°J M^-N 5E r 4= tTS SWIM ^gEI^ OH £1 (MASH) ErS 2^7IB SSoPI ilSES 
Ai, AM OH£l 227|°] UEhtfD. E 11 S£&ra, 4*r DH£I ErS «£7|^ 

7hiT?ie(100a-100d), XI9 ±7H 120a- 120c) S ^t^l#(140a-140d)S ^^SEf. 

^2 N(k)~ ^^Hl SOilAI g^^Oii CH^S^ ^21 UEH-HDI ^h^K 100a) Oil S^EIH, 
7h^|(i00b)^ Cite^AI 51 g -S^HI i!S(lti (k))e ^gt!-Q. ££^, i!H(f(k))= 

^^Hl eOilAi M4^, ±^g 01^2] ^^H|0{] CHti- dsf UEUHCfl, 01= 5|1 3^^] ^i!" 
7ll(i40a-140d)e e^fOl V^IQ. ^ ^^IM(140a-140d)°J Q§ S^(x)H^ Sg" 

SCh E£t_N 2f ^rWlg(140-140d)OilAI ^^3^ ^hHM^^(ovf I )^ (lOObJOOc, 1O0d)0ilAi Q«H 

sq. mm mo\ f (iood)^ ^^i(i40d^ ^^i(i40c)2j ^tno^^e ^^w, stoii 

A1 AI3 ±AK120c)^J B^, V^l(140d)^ ^bHO^^O ±g A|^ W3A|gj Zm &^Cr. 0|7| 
MAI, ^<y-S QAI 7^l(100c)0il gJ^EIOl, LfOjAI 7h^7IM(10Qc, 100b)£ ^AFsCT e^Q. 
017ICHIA1, 7H*?l(100b)2| ^^(s)^ hiOI^I- QfllS ^^^^ UEF L J 4 SiEK 

E 1 0f] EA!£! OH^I E^ ^^^10 Al-gufe ^E^ t^S S^ie^ HHFM g^T Al^l UErtfQ^ 

m-Sm ^Q. IMHz^EOilAl ^1^ bi0|^7f §7H ^ O^LIEh. g^ 10kHz2J oH^SM g^QI 

CHI SiCHAI^ ZlChAI UEKHAI =^CK Sth ISSCC(!nternat ional Solid-State Circuit 

Conference) 2000CHI W. RHEE, A.AII2F B.SongOII 2J^ "3b 37:h 3>= 

1.16Hz CMOS M4=-N ^Eh^ ^^1"^ 198-199 HDOIAISK IEEE JSSC(Journal Solid State Circuit 
Conference) 1998^ 7^2J 33SWI 7IXH^J N.M.FilioL T.A.O. Riley, C.Plett 3! M . A . Cope I and2| 
SMSK L1I0IEI- «51 ^ Ml Bit. 1 " ISM CH^ ^Er4 ^7|"2J 998- 1 00810 IX I M 1 El -HIM ^5 

7IM OietTr- M^-N ^Er^ ^ SxIM^ 52CHIA1 -40dB gE^J ^ ^Ei(spur)e L\EMJ\ Ufl^ 
Oil 0I§ B^l Al^gjCHl ^s"o-^ 510I Di^Ch^ ^fllgOl 4 SiQ. ^, ^El HIM ^5 

7IU DH Ef^^J PLL2J ^ d^^l S^UrXI°H, ^Hl g^OflAi PLL^ LH^^J 

^^4= S^^l E^ ^El Si£1± ^^^I7h UEHHS Hl^j^^^M UEr L J 4 

SQn S3ISOI C ^EK [[J-ErAi , CK^J ^7dlSMM ^H^^ h 4= SU- 2^°] ^Eh4= trS S" 

XI M 7^^r^ 5101 fi?SD. 



B ^"301 Ol^HXrUh^ 7ia^ IrX-il^, 1MHz2J ^Er^ ^^OilAI UErU^ ^I4 h hiOIZiO 

H, mg iSOIIAI ^ h 45EI^ ^El(spur)l 101 3 Ai, g^| 10KHz2] ^Er4 ^H^EM 4 • 

ZiOI-^cf «^7|M Oietf ^4-N ^Er4 ^ &xlM ^l^b^^m ^LK 

£ ITS 01 Ol^H^h^ 71 #^1 Hr^l^, 4 h 7| ^4-N ^E^ ^ SXIOHAi 4*8 El ^ ^Eh4 fe v g 
Xil^r^CII SiEK 

B ^SOI OI^HAr^r- EErS 7l#^j Ml=, ^7| ^4-N ^Er4 ^ &X|01I 7H|E|CH g^ti" ^Er4 
^I^EO gl 4 Sill, UrESIICH^M Z^miU 731 ^ Sl^, AUDr-^El- ^i7ie Xil^r^Qil 2i 
Q. 



^71 7I#^ 2^11 P 0l^7|?|oL B ^"S CHI [Crg "PK^'^ «^7IO 0|§SJ- ^4-N ^Eh4 &g &X| 
! E, HII3 4EI-4 dsfih ^g M^HIOil 2J^H ^^ei 3^ XilOl ITS ^Er4 ^l^/^ilh^ S^f 

^|^/^Er^ S^^! ^2F0il ej^H 7:1101 ^2 ^Er4 cJSi ^2Sr= ^1^ g7| ^EH^I ^ 
^-N ?Er4= ^ S-XIQil SJCHAj, ~ ".Pi-I^h S^7L S1 17^ S S§ SsEi^ M^7IM ^Hltl 
Eh. . UD:- 1 Ei ^^71^, E r ^ HIMsL S^EI^ 21^ i!22h ±^ SSS! E|E^ Tll^M 7FAI 

n, si^ ^j^ asai- eie^ n^m m^[o\ l ^^rcw, sifsai ^^^bh^ 

HI ^^ohOI 1H|E A|2^A1 ^^ttEl-. Hll^ ^Ef=, /vOilKJE^ S57I01IAI ^^E|^ 1H|M 

m e* Ai2;£F D| E| ^g£! HI, H2^g 41 7r^EK S#E1^ ^^71^, 7dl17^ g^CHI 

g^ a £4 ^EH^ 53EI^ BIO] g^uie lg*CK 

^71 71^^ MM 01^71?!^, B ITSOil CCrg ! - r «ZS7ie 01 ^4-N ^EF4- fe^g 
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SBg. ^:SL-i ££ Si! ^L>4 ti^K e^Hifflf SSK SST RUi SE3 -~?Zr4 *i 

&/$nw> a««i. sis/sew* sss aztoi 2i«i 3^ ant sra ^zf4 sa:* a gsfe ^ g7i 

*SMAi 4tJa~ g4-N ^Zr4 03 SBM ?£OtAf, CaXgJ B»S ^HiSJO. Ca;B7|£, 

?> g£M 2!^ £133 u]H«| fiSSJD. (bJB3l£, 21 £ 3^ ilsSF HIE^ 3t4Dil 

:-:,^ : .r hsshh ^4^ehs s**a^ M4H1 ihims ges*ro. (cisais, ihim g 
au 292^942* 7»*mm, 7^s 2®, wsj ?Fgu sra ^sss? ^gg aw ^^ticr. wjb 
ais, ^7© ihsj a as 7Fgg 2^1 21*1 s§ asa^ g^s *ts«o. ce)/.:^:.- 

viS B£S &EH7i- SSSffi. #q #EH7F BSKITa 24 3! M4 

«H(BP«A*/b!. Of7IO«Aj, B2F k~ 381. 731 2£g 4, P£ JdlfflM SISI 3SS M4HI)^ 

^?Hie S^tJD. (f )Etfl£, (e) EPMAI 3SS M^H!2F HI IB ?i!F4 SoCT S2f 

aCM BT3 4HF4 dSl (9)EflB = , (e)E£10im -MIOHSEF g£g §^ &EH7F WtKISiS: 

3, (c) S7I3 filflttCK 

#71 S£Q# 7103 HHHIS 01 ^71 SI oL B iTSW COM /.'ZIK-iE: «£7!~, 21 3^ £JS2K ±& 
21 HIE*! 7114M SBSKH g4 ^EHH) g?HI SScrfe A!Ii'JKI£> £271011 20! AL ai-BIM 

^Hi^Q. ai~aH»2*fe. A1S Sign, 21^ £J2$F 711^1 ?m 9! ±r 

A!Z~K1E> B3SoKQ, sUFe 1HIM §^ aj^/j gg&o. £Sh 

aaaeiAi, ^ 4B, 49 s ^#711 ^hisjo. aEieeuis, ihi§ ^aon e 

S^FOj i3E»Ji 31 4M fieittQ. 7FS 4&£ 21*? S^l ±S2J Uj^ Tll^Dii 

SAI?IH, PFSS IHFM S«MttO. ^ dftSAi §Eie 

^aihj ^a^£^Ai aisl 7^a. v^i^, m^m ^*mn, 

oitK g ^goii ra-^ -'•'" T ~K^r- ^i^iP ois^ m^-n t^s &7ti g a ShsKB 

E 2^ s ^jAIWM [IFM ^TKT- OlStl- @4-N ^SF4 ^3 S«IB SSSCT $I§J" 

M^EOICK E 21 s v £Eara, ^IlF4 f-ta ^gH(200), S§ Sgei^(«cdulu5) 

S?7l(£aJ). HIE aHEi(2B0L C173W - ! ".:h r ;V- $|^/^4 3971(210). 25f 

S = (220), BE1(Low Poss Filter:0|Sh LFFEf 2^ 731 OJ S3 71 (Voltc^e Central led 

0scilldtor:0iaK VCGEf *J-)(240). 7h^s?(2£0) 3 a»^C293)3 

?|^/vuf4 3@7U210)2J ^l?J^£lS SJ7^Eh -DOi. 3^0!^ 4 ? : iLD1. 7!E ?!■ 

SEiCQD)^ HUH ^uF^ L"2:(l f ^ UE^Q. 

a-3uir.un3roHi. ^cJ yaa sum- b^^q. 

VC0(240)^ BEi(LPF)(230)0*IA1 5^a= RICH D9(Vc)0ll ^gSFOt S30^ VCG^uhv 

-- r H27l(270)& SOd^ S^7|fSO)08A1 CHICHI IQ&tt VC0^HF4 d 

act c*'N)M a^sra s^tra. plloi ^ehs na> f «/ns t r sf entr ^i^i ?>sd. /■ 

_lIh r .E'v ^2171(270)- 2l^0ilA! °!7fa= Q4 aS(IN(m.k))ffl- LH"0il Ai 

I!E^ 7SJ4(bf)01l gg^FOI UJ.U|- ! .ri! S£l^D!. 3 S4 SEH2| g?bl i»2f SfiSHM 1 

HIM i!S(0UT(a))SA1 g^t^D. CM7|(}{]A1, £!H(IN(iD))2j aSHOI. a^a^ 1HIM a 

H~ 0 101 m 4 S^EF. ^> #71 mm d±(CUT(ru))= B27l(270)«i;d gf^aS £Js: 
2J tiiMM UEKHEH * si^l HIM^ L[Z\W S^J ^2!^ UBLH^ ^2 U]M7h g 4 ?-!D. 0171 

OflAI, .V.inF-7"j"|- ^ZI7I(270)2J IBIM^ PLL2J U|{4« IB8F7I 91'olAJOI 

Q. /innK-iHf S^7|(270)2J ?M*j2! S §^Hj 5>5HA1^ £ 31 »£8KN fecial SSBD. 

Um 3bHEi(280)^ LIAIg . rn--~- BZ7I (270)01 A1 §^a^ ^2(0 l)g ^ n 

him^ tnf -is assm, nHi^ /j^g gq^Q. oi7ioiiAi, um ^m\mo)^ m^m m - 

IS SE^oF- 0i^~, M40fl 2J$jj ^§?j 4 ?^ ^KF4 7F^ ^$}(RANaE)(lfflM HCH, - 

0.5-0.5)g 5>vJ^7| $lttfOID. 3EiLF, HIM gjb«E1(2b0)2J &^ ! M OEM OF -1 ^5.^ D 
§ ^Hi^GF- ^£ 7F^oFEF. SEfLN Aj^ijg aW3F7IOD CCJ-EFA1 HIM 3fcHE1(2635M OlgSF^i 

S2. -I-U -:r.!- a27U270)2| g^S OlgSFr: 7F^uFEF. 

EH^I^(230)Ei S]lffl*1(292)2l- T^Za{ x\ (294)^ ^ f ^ S^bl S0EA1 34^^] S^HIS 3"2uF?l ^1 

2v atB, A)3 T^S-JF- §>Eh ^, 24 a(B. A)= SS^ SSaZlEh 0121^ 

§ =S3EH0i§^ SW! I! 4 ^lEF. .3)7IOi;Ai. K lH*!(232*a S2EH*I(234)2| aS 7^F31 n HIMM Lf 
EFL^F. 

7K / J'V(L30?fe HIM aHEi(L6Di£l n HIM M^i? 12^3)3 n HIM il2D 7FL^FCt| 7r 
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tfg n HiM ai^S 01 EftEi^: B57:j25:t;03 g^E!0i E2] 

?FgH(256)2J 9}g® 2iS^ ?SH(Z58)2| ?fgl! 2M ^gLF. 

2SEi^ £^71(250)= 7^^(250)MA| g^E]^ n HIE §£j ajsm ggSKS 012] ^gg 

=?^u as b»ai5ih, ens wsa znm asa aga^ ^ioie 4*«!D. okw. smei 

a 31 DIM 2jsH S ^EH^ £fiEI& f co 2J M^HI(N)7f- ISSCr. 0121^ g^g S[SL &g 
ESEI^ M?71(25C)= =a£WBEl(254), SSEiA H!01¥(2S2), 01123 ?JSEI(25B) S 
Ei(258)S ?UI»D. 

E 22] = g 2S£1£ £^71(250)2] gftioi =?M^^ fiS»D. SSE12 *fi01~(252)^ 

W Dii°> 7^Ei (256)2] £1*3? 7r£Ei (258)2] ?F£Ei ZfOfl 3EW0I SSE12 HI Ola 

iEi^ua (254)^i g^ws 9t& smei^ each t}±m 

HEI£MSa(254)fe SSEi^ THi CH ilsOii BBS KM g^H|(P E^ P+1) 3 ufUi geiSUL g 
5UIO0 CUEI-AI VCO »S tfSO «o)B tt^tfO. MS SOI, SMEi^ 3101 *KJI MBS S^Oih 

P+IOI fle|Hj2, 3^ H*!2! g^M^ P7I- il^EiES 4 

011°] ?^Ei(256)= ^!2?1]^Ei(254)0i]Ai £13- ft! ggtK)l ?F£HSHL 7h^ (280)01! Ad g^EI 

= nHIM 2§ 7r£D AlOfl ^S^Eh ^, 7hL^(280)2] HEH2J g?b|(Hh /aOhffia B 

271 (270)011 Ai ?*HS SEH2] S^fcO d*ia Zffll HS ( H*gS 22.^ DUffl 7h£Ei (256)2] 
201 BEKI70 21 Eh EE?*, ±1*3^ ?h£E1(258)^ ^EI^lHEi (254)011 A1 tt^S ^2: Oil 

»B*KM ^hgaaUl, 7fAh^ (280)011 Ai M^E| = n HIE 2S 9[gm A! Oil BhStJP-. 

Ot7l01IAi, QilSJ 71-SEi (256)E r ?FSH(25B)£ ^3HeHQ1M ^SEISAI, £71011 2g 2^3 g 

SEICH KIl, £E|A?i|ijEi (254)2] ai^ou gg-blOi, ^ £S2^3 Eh£ 7f£DS AI^Q. EH 
7H2| 3°0||, 01121 5?h£E1(256)2J gfQ| ?hSE1 (258)2] gJSQ 371 [IHSOiL 

7h^Ei(258)2| ZtOI 2!7d 07h BQ. 01 ED, ±1TE^ ?h^E1(258)7h 373 O^h EIS, ?h 

^E1(258)^ &AI sAI^Lh Ol^Oih IHI2] ?hSE1 (256)2] 7^H£! ^01 001 EI3, CiiOIBh 

^01 ^EEIEH 0112] 7I-SE1 (256)21- ?hSE1(258)^ QA! g^g 4^t«t.CK 

£ 2011 EAia UhEF ^Oh a ^SQilAi, !EI-2ME1± ^^71 CHICHI HME1± ^^7IM Olguh^ 
01°^ PLL2] H|A1*!£CH! 2]^ StfS a^t^PI ^I^OIQ. 

E 2011 £AI£! tt£ SflSJ a!H!j-^E l ^27I(270)M ^S^l ?I*J- ^A|0I|2J f| 

EEEA1, 4^h ^27121 ^^2] 01IS UEmCK £ 31 , - ir .r- r . i" ^271(270)^ Hlt-BI4ff 

2^(300-330), 5ihHl-^ S ^71 (340) ^ gf»»7| (350)M ^t^EK 

^11^114^2^(300-330)^ ^Jl 9^EID1, 2l¥0iIAl S^EI^ Qh^ d|M IN(m,k))2h 2g 

2] EIE^h 7J^(bi, i=1-4)CHI 2]tH i":^ B2fiO. Ot^lCHI A1 , E|H^ Tll^(bi)^ gf»»7| (350)2J 
d SOI 2]SH STOID. SI 1B2*(300)S 7k+7l(304), ^EIM^IAi(306) S t^I(308)S ^ 

SSD. 7^1(304)^ g^j^ Ai^gAi 21^ Aj2:(IN(nO)M 2i7^m, ^(-)S^^^Ai ^E!l 
^Ai (306)2] 01 ^ oj^^ei c ai^s ^Ah^Q. Cj-^ H|E o,^ aj^ ( I N(m) )fe B 

?l LH CHI SXHSI-= ^11 UEKHD1 ^SHeHOiM^ ^01 EK £ 3011 ^.t1lg£^ EAIEIAI^ ^£U. 
&?\ ^ i!S(IN(D))S alOIBF- 7h5 (weighting) LH^ Tll^og 2J^H n ^01 7hSEI 

CH 7^7|(304)0i| £J^EIzr 5101 HfBS|SfD. HE1LK alg CH 7H 0-1 Ah0|2] g^x|a^^ aie ] 

S ^§^^2 <ys(IN(m))7l- ZICH^ 3^EI^ 2 II- BO. EtJ", KIE^ 7114= ^ h (bi)^ S»»?l(350) 
CHI Ai a^EI^ 514^1 1HIM S^Oil ECf^hAi ^?-l!EhOI EIE^ ^j^EI^ § ^4=^ S^EICW, t[B 

MOiaiSS H§S aOILK (WIS SOI, HIE^ »^(b1)?l- 62976^^ fiSS 3° CHI, SfSSPI (350)011 A1 
m&9\ lHIM(0UT(m))7h 00IS, 629760I ti^£\0\ ^ *JS(IN(m))S^E1 6297601 StffiD. H!" 
3, SWSPI (350)011 Ai 0^^! sl^l 1 HI M (0UT(m) )7h 1012 -6297601 d^JEIOi EJ^ 
A|s:(IN(ni))2h KIE^l 71l^(b1)7h QflaD. 

^^71(308)^ 7hAl-7|(3W)2J ^ S^uKH 0122] ^Ah£l QHuhll, ^ai-ei J112^2 

¥(310)2| 7^71(312)^ aqSO. ¥^71(308)1 SEI- ^iP££ S^b"^ ShB^Ofl EAIS UF£h 3 
OL 7h^7l (35)21- AI37|(38)S ^^=JEF. [Q-EI-AJ , *rWI (308)2| xEhU, KIE^^I yE^h 

3, x+y&£ AI27|(38)M -I-ohOI QhAI S^^IEK EEt^, Al^^j ^(^y)^ P-M B7II2J 71-^71^ 

^12^2^(310)^ 7^71(312), 7^71(314), ^a^|(3 18 ) gj ^E|-1^A1 (316)S Stftl-Q- . 71-^71(312) 
~ Xil1S2¥(300)S Wom EHOIEm 2S 4(a2)2j-^ 7hSAI2!Q. ^ WISAN, 71-^71(312)^ ^ 

A17l(multiplier)S 0|gu|-A| ^|E^ QIAI^EI^ =l**W 4 WIS SOI, a1~a4= 2 n 2] 

4 21^01, OlEItt 3^011 7I-S7I (312)0{| S^EI^ 2fg, 7^71(312)011 2\MM ^lEDEI 

01 2"2.^ SOI^ a^SAi S^^IQh. 7^71(312)011 S^EI^ QUO I El- §^ Sfl (dynamic 

range) A!SEilO|AjS BM M , mmB*l ^ HIMS ^01 7r^O. ^21 OI-LIEK ^IMH 

Oil 2JSH UEFLfe "0"2| ^o| §°jo^ u,eo| ^|^^7F Ol^Olg 4= 21 EK 

X1I2«2¥(310)2J 7^71(314)^ 7r^7l (312)0il AI B»S EB0IEh2h ^ElS^j AI (316)011 Ai aieh £ |^ k| c 
^I4(b2)2] ^ 7FAJ- c£^ ^a^q, 7^71(314), ^&J\(3)Q) S ^EIS^lAi (316)2] g^j-s 
7:111^2^(300)2] g-^HF ^A^hEh. HEiLK ^EIS^iAl (316)011 Ai a|eh E |^ ^jcbh 7H4=(b2)2J bill- 
DO 4 2i£OI, 3^ ^SSEK 

7:113^2^(320)^ 7^§7I(322), 71-^71(324), gEIS» l Ai (326) %! (328)3 ^SEK SEtJ", THI 4^ 

2^(330)^ 7h§7|(332), 7^1(334), ^EIS^IAi(336) S ±f{+?\(33B)£ ^SSD. 7;i!3^2^(320)2h 
Xil4«2¥(330)S ^^o|-~ ^ 7^ R2S2] S^s ^2^2^(310)2] fi2SHI- ° AFol-HS. ^x-il^ 
2! £SS aBFSQ. BAL gEIS^!Ai(326, 336)011 Ai aieh E( ^ m ^*n 7)|^(b3, b4) 201 Ai3 DS 4 
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S3, sWb?\{Z?l, £42:GflAi fiSEfe LH" 7®» 3i*(33, a4}£ ^ge> Sft j 3*£* 

£Hi-lS^ 3S7i(34Q)~ Hi 4^^(330)21 ±r#7i(33B)2i »«qOMAi 2biSs3S a»SKS, 3S£ § 
2HHI 2JtH H!~n4B2«<30Q<-33D12l &?£»7|«(30S, 310, 323, 338)S 5: (reset* 

1 £3S*!0. C0&*i. *?tt7»(306. 310. 328, 338)£ EiS! £J3:( reset )3| SBSiG! 01 7! Ml 

A!, 3§?I(340)£ mm g^m(k/b\)?\ Q.5M 331 ££^r~ 3SW ^jaBg, § 

B g^tCT EI 3 £?&7i«(30a, 318, 323, 333)01 EJSfttflh 

gf»»7I(35Q}fe «I4S2*?(33Q)21 *r£OT (338)21 g]@33K)l HIMM 0i£^ ISAi 

tt2S« ??JBD. SfSfsCT (350)21 H1-JB4H2*(30Q-33Q)2| 9E»B|A!5 (306,316, 

326, 336)011 A1 HIE^ 314* 2t(bl~b4)M ^ejt^H 0I8SD. E*t, (3SQ)2| i!S(0UT(m)) 

£ £ 221 Hie gWEU26Q)g S^SD. 

£ 3Qil£ 4^ A!1!UK'3 S57ICH! CHoH/d EAIHQi 2{£LK E SQiiAi £8! 7H^2| S2:?|0jj 

2|SJ rt» 0!& v ££ 90ia0i tfS SMM ^§£I~ 301 7feSm, 

01SHMA). E2S3i SSuKH B gfSQS CUB AlUliK^y 3£7i2r, Dig OlStt S^-N &g 

3*1, B gSOil [&S &*-N ^SH4= 3«£ £ 32J ;.!J.:.K ; :zi S^7i(2?0)g OIS^S^ §4= 
§61 S ^4: ?>~ f oo2| M^Hig 7© 4: SO. AIXK'E: ^271 (270)21 se$Q| ^SH 

01, 5^ SMEi^r (250)08 A! q?§873£ g^Hi£ US 4*^ 1 CHI UErfc* Hh£f ITHQi , VCQ^iD^ 

fiisd ae 4*^ ia iroi ?sib ^ ao. 



DPlOfiAl. BWfe. S4^21 y^HIg UEfUiH, k/blg 47* .'il'IJ E;- ^£71 (2?0)£H; 2|5| ^$1*1 = 

SSS SMI CM, P£ SE!£MS£1<254)O0AI aeiB M^HKP E£ P+1)!I UHtfO. ^ A, Si l~ §4-- 
SA1 2!¥03AI ££3^0i I^S* 2J01Q. big USS ZJSSA1. 01 0 ±3^£I« 4H>4 u3£f 

£2j 3iaoi soisersD. ekt, kztsi izaoii si$h uib mu*(f,)si sioi 4= 

; ^1171 ^ B£I^(3CO-3:0)2J 4riCT§(3Q3.31S.323.3£3V3 - Fv 5^ CriOlEfff V^5FH, 

a e^ii *i=eai?i3ai awa h:0izi2i momoi aoiya. coekm, btoizi adoisoi Emm ?4zz 

S^Si- tiling Lffi. ^E^2J iOiil^ 3>] 101SH. ^ vITFvSl iOiZ^ y-^ i?Ef4:0j|/H 3 

PLL0I -Z-IU QSOil 2i;H PLL ^SftiiAl ^3^g">l! ^ ?JO. H 32^^, vHI-v ^.^ 

r^ic -Si-KJl S/NHIO ^£ t^v S-^D gw 4 c - l Z\. q. ^EH^l S± S^H1(N,5C 4 

2S UErLHS QSHF 2*CK 



«!D LJOI. ^71 blS^S 62976Q Afgufe 3^011, 1.7629760! EiDI, i'2J -31443^!. -^31448 

01 £!D. fflPiiilAi, IVblS g^Q $|tH. 3 ^-i^ -0.5MA1 0.5 AhOIS TStJBCf. 2- 38 M -V 

^i^lbDM £i@joCT ^1'6'HAi aEIS^AiSOl fi^aWEJ. £ 12} 0H4I E^ S 

31^101! Alfe SS(bn^ 221 HH*^ 0\U 2^CH!~ ^Se!' ShESiOiS S^S tiO. Uk&M. S SSMAI 
^ ^EH21 y^UIOi] 2«OiA1, ^S(bl)^ 221 HH4^ Oh^ 2^0ii^ ^E^Oi^Slg g 01 SG ?^ 
Lfe 3§ & 4 2D. 

££Sh B ^S2J S4-N 4Ef4: fe^ &^IM -\ "-IUM "H- B5?l(270)^ i0l£i# 2Hf^ 

eS7l(270)2J inOIZ S^g^oise Transfer Factor :01oK KTF)Q Z UERHS 4=^^ 3HF 

BD. 



017ICHIA1, 0(2)= Z ' 21 n» C^(pol^i al)Q UEUHDI, 3U vEF^O ??= aE1«l=KButterrorth) 
nn Q?-^0I ArStl^ 301 &SB 9133 Hf^'drQ. 

^3, E 10t! EAIS SfflSJ CH4| ErS H^iK- qaO UEUHDJ. hiOiZI S^C^NTF)^ Eh 
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] D-~34SS33 



4^ 311} m.M um iroi, s bsdc njy .\.zj:--r.Hr B2?i(2?Q)2j in:* 

2£#(NTF)£, QH£; ffi£7|2J h:0|5 S^eHF HI HIT LIE, D(Z)^S B U^QiHOfe 80£A! *K3! 
71- 2iQ. 01 kOI* SsMthI LHtJ- B ^§21 DISS E 40[A1 gsmi EE-j^HK 

E 4(a) SI E 4(b)S S2H21 OHSI EhS 25712} B «»-g°j ge* ^!D.DHl!E}- 257I2J ^qj 
3 Rgg HIIHSK7I WW ES1SAI, E 4(a)2}- E 4(b)^ 2^ 4?:}- CH£1 E}2± S52IEK 4» V "<:>--: 
EF 2* 71 01! °i^S/NH!M UEKfJD. 01 21 Oil AL E 4(b)= HIH SHF4*(fr)2| Q.Q4KHS 3U ^Wt^m 6 

E 4(a)0il EAIS §EH21 QH^I E>S S57l = au »*l SKI, Silted 57«Wfl CU-Ef-Ai 

kOI5 EFS17I- 78^ g^Bfe ^3, E 4(b)0D EA1S B BS2| B2?IOfl/d£ ^Kf^^ £13 h:OI 

* um^h q oi# g?©ro s^di use* ass sxiei= as gr ^ sick 

MM M01, 3EI- 42] nOI 4EI- SEH21 DH£I EFS 257121 h:0|5 ?EK^ S 

53i2i ^ Him ?E^(f r )°i 1/2011 saw im, z'=-ioi sd. oi m, e 4(bm ssei- 

9, 257I2J Ol^g 3U ^m^m aCHAiSAI ODil INgCHI, SOTsI- h:OI57h 012^01 a 

^EICH h:0|5 2^M(NTF)~ 101 SQ. B! H , DH^I EfS 2571011 A] = #7 1 4=^1^1 4£S^E1 h:0|5 2 
^e(NTF)0! 1601 El = 21 « If ^ 2iQ. §2f*!°5, B [CHI AIHOHPiEl- 2571^ ggtf gf21 

SOTS- kO|57F ^OiSQH 3hSW tlL DH^I Ehgj2J 2571011 blt^H 2 = 2! ^KI-^OilAi W 
£ kO|5 DS§ UEK3CK 12R^£, PLLCHJ Sjgl! UBS, 16HH°^°J ^1^ iOIZS^ SiBDS 

E*H, E 3011 EAI& B «"g2J AiHOhSEl- ^531(270)^ ICKHz^J oB^EM g^ol ^ 

an, 1H^2^ 01^ E^IOilAi UBLfe ^Ih^ (HIEIM MDIM 4= SICK 01^ ^fflaiHS ^SoF3 
□eSh ^CK B ^SOilAi 51 ± ^uh4 UH^E^ blU ^E^(f R )/b1^ ggSQ. Oil 9 eCH, HI JH ? 
iE^(fr)^ 9.84MHzO|I2, b10| 62976012 sl^fc ^EF4 §H^E^ 10KHz/64^ ^ IOKHzM 

SXK ofe °EI^ ^EHS UEI-LHS, IOKHzBJ gs}^ ^Eh4= oH^EM 2101 ^feuhQK 
E^, B ^S(HI llfE ^3121 ^l3Dr-^it> «i^l(270)^ S/NHIM ^A|b"F3A1 tllM sl^t^l- ^1- 

AlOfl B^|(270)7h [IH^Oil A!^gO| Z^HSa^ SSOI SiEh. 3 £|0||E, B ^S2J HCj- 

;^Fr ^^l(270)~ 4^h 01^2] Hn ^^J\J\ OlggOU [QEf-AI OhOIMH ( IDLING) -E0| 712] W^^FAI Q 
Ll-M S^^IOilAIEh ^ LSB PQii ^S^UfAl 2£?I2J g^Oil 

dl^L ^OhAITil El 9 ^Kh4=2J a^-^OI M0IM7I 001° CHL ^EI-^QilAi UEI-Lfe h:OI^ 

oi eoiM 4 aa. 

E 5^ E 301 EAIS m I ~ «^7|2J ^EHl SSSCT ^1^ tl^E^Ai, 

XihUI 4^5^ (400-430) 9 ^ C A^I(440)^ 

E Sm mzm^, *I112£^(4Q0)= ltB?\(Am, (404), ViL^I(408) a ^EIM^Ai(406)M 5tJ" 

^EIM^IA1(406)^ ^AI-tl-71 (440)011 Ai 0^EI^ 1H|E Aj2(0UT(m))0ll 2|*H EIE^ 711 

4(b1)M is! £!"□-. 

7^1(402)= ^ ds(IN(m))M °] 7^1-01 LH^ ?H^| 71l4(c1) d5i 7hgAI?1 

3^I(404)S S^AI^jQ. 7f§7;l(c1)~ OHh 1 AWI2I ST^g ^SSCh. 

7h^|(404)^ ij2^A1 °!7|-E|^ IN(rn))£L id^SAi °j7hEI^ 

^EIM^lAl(406)2J (402)BJ » EQE iJs^AI °J7hEI^ 7^71 (440)^ 

Q\?\WM, 7^^1(440)^ bl 01 21 Oil EQE U|E^ 711 ^SAI, Sil2S£^ (410)°| ^^011 ^g 
^SXKvUM ^^^hCH 7^|(404)OilA1 ^ii^CK OI^IOilAi, E|E^ 7H4=(vU£ 021- 1 AhO|2J 

Eth «| l^5^(400)2J Ai^(IN(m))^ LH^ 3hSfl 7S4Cat)(HI 21^H ^hSEICH ?|-£K7| (404)S 

i 4^ aa. nau, e 3chi ai ^stf uhsu- aoi, is s^chi^ as(iN(m))3i- 3chs 

12^1I4W^^(410-430)2J fl|12£^(400)2h ^Af-ol-HS, ^5 &f S D ■ E^, Xil 4« 

5^(430)21 Vii^l (438)2| E|E U -^ 7|]^ ( v 2)011 2j^H 7 IS El 01 XII 3^2^(420)21 7^1(424)2] 

ii"s:^A1 oi^l-^Q. SI 4^5^ (430)2J ^A^|(440)M ^7U1 ^A^&IH, II 5| 

#?l 1HIM ^^(0UT(m))2^Ai ^^^Q. 

E 5CHI EAI& A : ^nhT^F> w^^l^ E 3011 EAI& A|D.D L -?IEF ^57|21 ^EH^AI, B ^ h S 

on im ^4:-n t^s sxioii ^gEi^ 2101 ^i-^fq. 

E 6£ B ^g(HI [CfO : i.aj^-^Ei S37I1 Olgt!- ^E^ lIS SxIDllAl ^tSEI^ ^EF^ 

E 2 - E 61 iT^uFOI ^^>-N ^Eh^ ^SOI 7x^25 £3£!C|-. 373, E 321 \> \a& ^ 
571(270)01]^ "T.Or-Ii^h k2K blgffll SSaD(BI6OO0-71l). Xil 600B711 01] A1 b12h klOl g 

gEIS, b12h klOil 2\ti ':H3|-U E!- ^5d|-Q1, ^ ^EHS 5^EI^ M^HI iJs:M 

1d|M(0UT(n))S SWCK»I610E^). 01 OH, 30 6103711 Oil Ai, #^EI^ 1UIM d!s:(0UT(ni))M «11 
EHxl (292)011 SSS B2t2K X1I2EHAI (294)011 WSS A 2ttHI Q5f2, EiuH2 S§ Sifl^ 

g^7| (250)21 01121 ?hSE1(256)2K ?^E1(258)2J StOfl «J*ra(3a62OB70). 

COEFAi , EMEI^ M^7| (250)2J 01] 2! ?F£E1(256)2h ?^EU258)2J ^ E 22J 

7^^(280)21 nH|E g^CH] 2JtH II SOI CKI-A1, #71 H]620E^I0flA1 ^7^ Oil 2! 21 
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s ass*? as: sm sms^ »s7r ❖tsEraaieacaan, s^ti hk# std, hhi^s 
SE^awja sv.h: p e~ ma ;#gEi<256)2f, ^t.?.^ ^seksssjsj sot sis? sse-* 

Htsiafew^ sescKas«e3i). b>h, hwos-tiioia'L A::::>:n:-r ass ga:?* «»et 
»sdbl s s^s s^a^ vcc ?n>* ami m^hi, sp*A*k/bw g^acKassoe^:. 
new, hsbobtmai m^hi^his skwum siai too gaa^ 6sa(f c3 3« s» * 

SJCKaKQSTI). 

JS650EMMAI tt?Wfl 9«5«fe HFSS E 2M SAiS HHU- SfOI. Bt\ g*(220)& gZ!- 
01£h ESHF StfAfMA! si** g AM 101 1HA1HSO. Q\7\M «S» gQIMOl ASH22U. Ci^ &X\ 

e araa flsm^i we towm Afss 3017a siniesom «aewa«M 7iaa s bo 21 tans 
hwpi siskm afss as oua. nass h *#2i xi^ta aaa ois^ei q 

SB B« 91 3StJ & £AM7I- 7feft»0& OISIW 20ID. (KM, B 939 age 7lgq S 

2 usitwesisi 7\m^ A\&m sm mum % y 35010. 

S B901 C&aa, &3 HI3US0M &2S3, 7ZXNAI 94351 = 

g £IE|(SPUR)f KtH 4 SlU. £S 5ilh* CH^OBAI «g bcGlZLE 10dB 01 # ^ SICfe 
SICK Eth 5 BSMAlfe A! l'.U «S£7(0i! KIE^ 7fl^(b1)l SSdiOl *EH£ *B#£g 3 
H SStt 4> SII. StEQOIB ENsahAISI 4* SICfe 3S0I 2iO. 

i£*N S SSM C&§3, lOKHz^J ^Wt$ oB^El- g^tFXi gf 4= 212, S^IMAI 5FE?-!CH^a HI 

m a-3H&t§ 4^tr£^^ 3Si;^ei oFE?i;oi moizsm ^ siqs szpf ^q. se*>, s ^schiai 
lsb pan ase sss era 2-201 



1 

71501 £|~ Him -JS2f. ^^HIQi] 2|bH S^S 39 B!OI 3D ^KF- d±S ^!^/"lu[-v 

^eem. 4171 eia/vi&4= SS" ^}CH ^11 a±3 ^ Sb-fe §7| 

^EH2j S4=-N vK^ t^a 3?! M 24CH . 

CM> Hlig 2!^ ^ L«2£K ±22J ^S^l KIE K ^ 7h7HI». « f 7i 21^ 

»7I K)E^ ^!4--CH! -J-gtrWDI !" - ' .• eiuFDI. &?\ SEH2J SvHI .vJxP 

aSSKN 1HIS 5?^= ; «^7i: gj 

^71 - ^ZL^:CH *.i r^^EI^ -,^71 1H!M iis&F DIE! t '1§£! ^31. 7=!!2itS •Vt' ^l-^-^ 

Ji]i7h£J- «B: 

£f7| SI 1 7^ 4--E^ g^iMI SQEiiL- 7h£g] S^Q BaA|?|H, #71 Si^i Stip; 

2|§E 2BS^ HiCHO vt»£H3J . 2v g! EH S S^t!^ ^71 ^j?! x-OCH ^TU iJs:^ ^vHIC 

Sbln Sf}£1£: Si?7lD -?Hlo!xr 5ia q^^M §^ ^^-N viv ^ S*l . 

2 

^ii i?>i>:i ?joiai, ^71 ^zz7i™. 

azEU gnu ihim cj^m asste ai-raM(>i) ^msm, 

^71 WUTSM^ZL^, 

feMI IHIM £!fiM SS^FW ^71 UlEq Tfl^B ^Elg^AI: 

i.'H§ £S°J LH " 7hSt| 711*00 ^71 7^S ai»S S^S^ ^CHE 3HJ 

^71 7\B «ET2J L'sSAI 8J5Wa # ^71 HEIS«!A1S| ^gq dftBAI 

oi ai^ ?\tm^ mz>\t> g; 

^7i »27m* *&2j «a v^m. a?i gam ^^7ie ^Hism, 

^ v 7l Iil1B^V2J g^ £Jh£ #71 2^ iJHOI!!, #71 7dl2*fl!ffflS^2I 0 |t_i 
3 

ra2§>0fl ?-!0|A1. ^71 >tn ' ^ ^Z?!^, 

^71 ^M^^712| S^SKAi S^S!^ ilHiOS^D asoKM. ^7| ^:i-7^:^^7; 

4 3*1 • 



JHZm 2J0U1. 271 MX} MZDI-^E- S27|=, 

27UH^?j£*| 71140)] 2JSB 271 2| if^lSJ b|M 41 £8|Sm= 2!S HS2M g^-N 
B 

witjoo SioiAi. 271 2iai± s?7i=, 

a aftH^w^swug mas s ' am ^ ** g - 

271 =E|i5flSE1O0A| g4E! i!20i! gSSKM ^SloHl, g2KHI 271 4B5J 

AI2S SJSSKH mi 01 5h°£| ao gA j a q«F£ Dfloj ?^E1; 

271 SSI^JflgeiOilAI Ajsoil §B»h01 ^SDSKQ, 271 a 17k* 4B2J i« aihB ehSShOl 

^H-S^ Zt°3AI g§S5h£ 3 

271 MS ?KSE|5| ?tSSS3h 271 ?hSE)2| PhSD SMI 3B*K)t 271 21£1i fllCH iJS 

1 4?2Sfe aiEli MOI^l ?HI8fe 21 iS£S 5fe M4-N 5i&4 5*1 . 



7 

SiCHAI, 271 M4-N U2 

271 :- , DU^\ S27I011A1 g^Efe 1HIM HIM 3H1H5101 271 HIM SHIUS lHhB 

271 TailPh^ 4=&°3 °!7m^ HIM StHEIl □ 7Hl5h= 2i SIS g4-N 4E14 iJ-SS 

g^S 8 

HTtHN 2iOU1, 271 M4-N *I&4 fcfS 5*1^. 

§aJ SJj 7312 iS ^ M £H*|Sfe HI), HI 231*11 CI ^HlSfe 31 ^32M Sfe g^-N ^n}4 
9 

71501 El= HI a 4E>4 £J£2K i§ S^HIOO JilCH If*! 41114 £!S1 ?|2/^R>4 

(a) : i- .1 »5i £ltt 2I¥ i!22f ElEffi! 71)4=1 ggSfe BTfl; 

(b) 27| 2I¥ d£21 271 E|H«-i? ?||4(HI 2J5N - E S4 SEHM = M4HI 

i!Hi ihimm aq*fe B71I; 

(c^TJ^lHIM gBjIS IB1. XH2rfc§421 271 7hi+g 2tl, 0)12! 5>h£H 2t21 ?hSH 

(d)A^| Qfloi ?h gej R. A f go ?( =| ^d,| oj t|) =g 2fS1i 4tSSh= B 

sri ii^aitmra^s! ss^^sm^ p^w^h 

a g?Hi)M M^Hie &tii; s 

( i ) A f5J e 2„^ | .S J l e |^i ° 71 S^dl£h 6f7l UIJ2 4Kh4 ^Hg 5«hOI & k 7l 22f a 01 Hffl 4^Eh 
10 

n9V0D SiOIAI, 291 (b) BTll^, 

i§2J LH¥ 7hg*l 7114011 71S£! 271 21^ iJS2|- 271 KIEBij 71141 712 S ^^12, 
271 ipAhS! gHH §^51^ M*1 wxg ^tSSl^ 55 1§°5 51^ S4-N 4Eh4 S«S . 

§^ 11 

XOttHM SiCHAI, 271 (b)BTII^, 

27i if if mm\ 2|«b 2HHM^7h »4saa. 271 s^s eiaAi?is 21 p-ass ©i^ §4-n 
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21^ fiis», £SS 314*08 3B310I fe?4 ?JEH2| g^Hi c-SI :\;:::>: r -;~.> & 

S3I0H aa/d. 

«s 31 glen, aq #7! hie*! w s ;»:i:k\^ ; 

& V 7I ii^ aq LH^ 3hS«] Tfi^CHl SSSKM 7^gA!7|U, £71 7^SS g2H g^Sfe 

^OiE 71-5 49; 

av?! ^ B oi ppin gorei Ai^gAI 2J7^E, &7I HEm/dS g^M ^S^SSAJ 2! 7® KM 
/IS 7K+ 49; S 

#71 7^ 492] *r£?tH!, #71 ±r#S Q§ &7021 B3^SJ 97tffe *r££7l 

13 

H1Z8HHI 5UHA1, #71 vMliK'-i^ B27IS, 

#7i j3im»2^oe ^HiEi^ im±r&?\*\ dss^Ei swm^m a asm. #7i ^nhaii 21 
n #71 m-T&Wr&im ei^ai^pi 9m ass g£s aaah= amas? aa?ia □ ?u»fe aa 
^g^s b-fe .Mir-rr- as7i. 
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